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PREFACE 

Silver  Bow  Creek  originates  north  of  Butte,  Montana  and  is  a major 
tributary  to  the  upper  Clark  Fork  River.  Mill  tailings  and  other 
mining  wastes  in  and  near  the  creek  contribute  to  substantial  down- 
stream contamination,  particularly  by  potentially  toxic  elements: 
arsenic,  cadmium,  copper,  lead,  iron,  and  zinc.  These  elements  and 
others  were  present  in  the  mine  ore  and  remain  as  by-products  of 
the  milling  and  smelting  processes. 

The  history  of  mininq  in  the  Butte  area  began  with  the  discovery  of 
placer  gold  in  Silver  Bow  Creek,  in  late  summer  of  1864.  Several 
townsites  and  camps  sprung  up  among  the  diggings.  However,  these 
operations  were  short-lived,  and  most  of  the  miners  left  by  1869. 
Those  who  stayed  began  prospecting  the  quartz  lode  deposits  of 
silver  and  the  associated  complex  copper  ores  on  the  Butte  Hill. 
Their  efforts  culminated  in  a silver  rush,  which  beqan  in  the  mid- 
1870's  and  revived  the  old  camp.  During  that  time  world-class 
deposits  of  copper  ore  were  identified.  By  1881,  Butte  had 
become  one  of  the  nation's  major  mining  centers;  the  district  attained 
national  dominance  in  copper  mining  by  the  mid-1890's  and  inter- 
national prominence  by  the  turn  of  the  century.  By  1915,  Anaconda 
Copper  Mining  Company  led  the  industry;  but  in  1980,  in  response 
to  a depressed  copper  market,  Anaconda  closed  all  the  underground 
mines  and  continued  active  mining  only  in  the  Berkeley  Pit  (estab- 
lished in  1955).  In  1977,  Anaconda  became  a subsidiary  of  Atlan- 
tic Richfield  Company  (ARCO).  ARCO  closed  the  Berkeley  Pit  in  1982 
and  the  East  Berkeley  pit  in  1983. 

In  addition  to  mining,  various  ore  processing  facilities  also 
operated  in  the  Butte  area.  The  first  two  mills  were  erected  in  1874 
to  smelt  gold  and  silver.  Ten  years  later,  Marcus  Daly,  one  of  the 
founders  of  the  Anaconda  Company,  built  a copper  smelter  27  miles 
west  of  Butte  and  planned  the  city  of  Anaconda.  The  Anaconda 
anelter  was  moved  to  a new  location  in  the  city  in  1900,  and  operat- 
ed from  1 903  to  1 980. 

The  history  of  over  100  years  of  continuous  mining  and  related 
activities  changed  the  area's  natural  environment  greatly.  Early 
mining,  milling,  and  sme It ing  was tes  were  dumped  directly  into  Silver 
Bow  Creek  and  transported  downstream  to  the  Clark  Fork  River.  In 
1911,  the  first  treatment  pond  was  built  by  Anaconda  Company  near 
Warm  Springs,  Montana,  to  settle  out  wastes  from  Silver  Bow  Creek 
before  the  water  was  allowed  to  move  on.  In  1916  and  1959  , two 
more  treatment  ponds  began  operation.  Silver  Bow  Creek  continued 
to  receive  raw  mining  and  mi  11  ing  wastes  until  1 972,  when  a treatment 
plant  was  added  to  the  Weed  Concentrator  in  Butte.  Creek  contami- 
nation problems  were  compounded  by  urban  and  domestic  sewage,  wood 
products  treatment  plants,  phosphate  and  manganese  production  facil- 
ities, and  chemical  factories. 
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In  1983,  the  U.S.  Environmental  Protection  Agency  (USEPA)  desig- 
nated Silver  Bow  Creek,  contiguous  portions  of  the  upper  Clark 
Fork  River,  and  their  environs  as  a high  priority  Superfund  clean- 
up site.  The  site  extends  from  Butte  to  Deer  Lodge,  Montana,  gener- 
ally following  the  course  of  Silver  Bow  Creek  and  the  upper  Clark 
Fork  River.  Because  the  various  mining  activities  interrupted  the 
natural  flow  of  Silver  Bow  Creek,  the  beginning  of  the  creek  for 
this  investigation  was  established  as  the  confluence  of  the  Metro 
Storm  Drain  and  Blacktail  Creek,  within  the  city  limits  of  Butte. 
The  site  begins  at  the  start  of  the  Metro  Storm  Drain  and  ends  at 
the  Kohrs  Bridge  north  of  Deer  Lodge. 


The  Silver  Bow  Creek  Remedial  Investigation  (SBC  RI)  project  con- 
sisted of  coordinated  individual  studies  to  develop  data  on  the 
extent  and  severity  of  contamination  within  the  site.  Results  of 
the  studies  are  reported  in  several  volumes.  A Summary  Final 
Report  discusses  the  entire  project;  final  reports  for  each  indivi- 
dual study  have  been  issued  as  appendices  to  the  Summary,  as  shown 
below: 

•Surface  Water  and  Point  Source  Investigation,  Appendix  A, 
Parts  1-3  ; 

•Ground  Water  and  Tailings  Investigation,  Appendix  B,  Parts  1-3; 

•Warm  Springs  Ponds  Investigation,  Appendix  C; 

•Algae  Investigation,  Appendix  D,  Part  1; 

•Vegetation  Mapping,  Appendix  D,  Part  2; 

•Agriculture  Investigation,  Appendix  D,  Part  3; 

•Macroinvertebrate  Investigation,  Appendix  E,  Part  1; 

•Bioassay  Investigation,  Appendix  E,  Part  2; 

•Fish  Tissue  Investigation,  Appendix  E,  Part  3; 

•Waterfowl  Investigation,  Appendix  E,  Part  4;  and 

•Laboratory  Quality  Assurance/Quality  Control  Program,  Appen- 
dix F . 

The  Solid  and  Hazardous  Waste  Bureau  (SHWB)  of  the  Montana  Depart- 
ment of  Health  and  Environmental  Sciences  (MDHES)  administered  the 
USEPA  appropriations  to  conduct  this  project.  The  Montana  SHWB  pro- 
gram manager  was  Mr.  Michael  Rubich.  MDHES  contracted  with  Multi- 
Tech  in  October  1984  to  perform  the  SBC  RI  under  contract  No. 
50341-1202503.  The  Project  Manager  at  MultiTech  was  Mr.  Gordon 
Huddleston  . 


MultiTech  was  assisted  in  the  SBC  RI  work  by  Stiller  and  Associates 
of  Helena  and  various  other  subcontractors.  Several  state  and 
federal  agencies  also  provided  technical  information  and  expertise, 
including  the  USEPA  bioassay  team,  the  Montana  Department  of  Fish, 
Wildlife  and  Parks,  the  Montana  Water  Quality  Bureau,  and  the  USEPA 
Montana  Field  Office. 

Information  developed  in  the  SBC  RI  will  be  used  in  the  next  phase 
of  the  project,  the  Feasibility  Study,  to  evaluate  options  for  site 
remed i a t ion . 
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EXECUTIVE  SUMMARY 


The  objectives  of  the  Macroinvertebrate  Investigation  were  to 
evaluate  the  historical  and  current  biological  conditions  of  Silver 
Bow  Creek  and  the  upper  Clark  Fork  River  using  macroinvertebrates 
(aquatic  insects)  as  bioindicators,  and  to  quantify  this  baseline 
information  for  use  in  measuring  the  success  of  subsequent  remedial 
actions  on  this  CERCLA  Site. 

A comprehensive  analysis  of  all  available  macroinvertebrate  data 
showed  that  improvements  in  water  quality  were  generally  paralleled 
by  an  increase  in  the  number  and  diversity  of  aquatic  insect  commu- 
nities. Macroinvertebrates  in  the  Clark  Fork  River  near  Deer 
Lodge,  Montana,  show  a general  pattern  of  improvement  from  a diver- 
sity range  of  0.6  to  1.6  in  the  early  to  mid-1970's  to  diversity 
values  of  2.1  to  3.6  between  1981-1984  . Silver  Bow  Creek  near 
Butte,  Montana  was  nearly  devoid  of  aquatic  life  during  the  1970's, 
but  had  macroinvertebrate  diversity  values  of  2.0  to  2.7  from  1981 
to  1984.  Although  these  data  indicate  a significant  improvement  in 
biological  conditions  within  the  Upper  Clark  Fork  drainage  area, 
existing  conditions  in  Silver  Bow  Creek  are  still  well  below  the 
macroinvertebrate  diversity  values  of  3.0  to  4.0  generally  found  in 
clean  waters. 

Continued  monitoring  and  evaluation  of  macroinvertebrates  in  Silver 
Bow  Creek  and  the  Upper  Clark  Fork  is  recommended  as  an  important 
tool  for  gaging  the  overall  effectiveness  and  long-term  success  of 
remedial  actions  on  the  Silver  Bow  Creek  CERCLA  Site. 
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1.0  INTRODUCTION 


The  objective  of  the  Silver  Bow  Creek  Remedial  Investigation  (SBC  RI ) 
is  to  determine  the  extent  and  severity  of  contamination  in  Silver  Bow 
Creek  and  the  upper  Clark  Fork  River  (Map  1-1)  . A timeline  of  the 
major  events  that  led  to  the  contamination  of  this  system  are  found  in 
Figure  1-1.  The  major  identified  sources  of  contaminants  in  this  area 
are  tailings  deposits  and  contaminated  ground  water  (see  SBC  RI 
Surface-Water  and  Ground-Water  Reports,  Appendices  A and  B)  . The 
contaminants  being  investigated  by  the  SBC  RI  are  arsenic  (As) , 
cadmium  (Cd) , copper  (Cu) , iron  (Fe) , lead  (Pb) , and  zinc  (Zn) . 

Data  developed  by  the  SBC  RI  will  be  used  to  evaluate  human  risk  from 
the  contaminants  and  to  identify  potential  remedial  actions.  These 
activities  will  occur  as  part  of  the  Feasibility  Study  (FS) , the  next 
phase  of  action  for  the  Silver  Bow  Creek  site. 

1.1  STUDY  PLAN  DEVELOPMENT  AND  OBJECTIVES 

The  types  and  species  of  organisms  that  reside  in  an  aquatic  environ- 
ment are  determined  by  the  characteristics  of  that  hydrologic  system. 
In  aquatic  ecosystems  the  characteristics  that  determine  the  communi- 
ties inhabiting  that  system  include  physical  characteristics  such  as 
depth,  gradient,  substrate,  and  temperature;  and  chemical  characteris- 
tics such  as  dissolved  oxygen;  presence,  absence,  or  concentrations  of 
elements  and  compounds;  and  pH.  The  organisms  inhabiting  any  given 
aquatic  system  are  adapted  for  living  in  that  particular  suite  of 
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FIGURE  1-1 
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characteristics. 


This  attribute  of  organisms  has  led  to  the  concept 
of  bioindicators--organisms  that  reflect  their  environment--and  their 
use  for  monitoring  the  physical  and  chemical  characteristics  of  that 
environment . 

Aquatic  macroinvertebrates  (large  insects)  are  often  chosen  for  use  as 
bioindicators  because  of  their  relative  size,  ease  in  collection,  and 
relatively  narrow  range  of  tolerance  to  ecosystem  characteristics. 
For  the  SBC  RI  , aquatic  macroinvertebrates  were  selected  for  use  as 
biomdicators  (1)  to  determine  the  current  biological  status  of  Silver 
Bow  Creek  and  (2)  to  provide  data  on  baseline  conditions  (prior  to  any 
remedial  action) . 

A literature  review  of  Silver  Bow  Creek  macroinvertebrates  revealed 
that  the  existing  data  were  sufficient  to  achieve  the  above  two  goals. 
However,  the  data  were  scattered  among  several  reports  by  different 
authors . 

To  facilitate  the  post-remediation  monitoring  and  comparisons  and  to 
provide  a coherent  view  of  the  existing  biological  status  of  Silver 
Bow  Creek,  the  SBC  RI  Work  Plan  (MultiTech  and  Stiller  and  Associates 
1984)  recommended  a report  to  summarize  the  existing  data.  This 
report  has  three  objectives: 

• Present  and  summarize  all  baseline  data  available  in  the  liter- 
ature on  aquatic  insects  for  Silver  Bow  Creek  and  the  upper  Clark 
Fork  River; 
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• Review  this  data  to  evaluate  the  current  status  of  Silver  Bow 


Creek  and  the  upper  Clark  Fork  River;  and 

• Evaluate  this  data  for  use  in  measuring  the  success  of  the 
remedial  actions. 

1.2  HISTORICAL  DATA 

Past  work  on  the  macroinvertebrates  of  Silver  Bow  Creek  and  the  upper 
Clark  Fork  River  was  performed  by  the  following  researchers:  Spindler 

(1959),  Averett  (1961),  U.S.  Environmental  Protection  Agency  (USEPA) 
(1972),  Fox  (1972),  USEPA  (1974),  Metz  (1976),  Dent  (1974-76),  Janik 
and  Melancon  (1982) , and  two  consultants  to  the  Anaconda  Minerals 
Company  (1981-84).  Their  work  was  reviewed  to  complete  this  report. 
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2 . 0  METHODS 


The  data  collected  by  the  various  authors  was  reviewed  critically  for 
applicability  to  the  objectives  of  the  current  investigation.  The 
review  included  comparability  of  data  based  upon  the  methods  used  in 
data  collection  by  the  authors.  The  review  also  included  a determina- 
tion of  the  statistical  validity  of  these  studies  and  their  implica- 
tions for  the  SBC  RI . 

2.1  DATA  COLLECTION 

Meaningful  comparisons  can  be  made  only  among  studies  which  utilize 
the  same  stations  and  sampling  methodologies  at  approximately  the  same 
time  of  year  to  collect  population  samples.  Table  2-1  lists  the 
sampling  stations  used  by  the  various  authors  and  provides  an  identi- 
fication letter  for  each  of  these  stations.  The  station  locations  are 
displayed  on  Map  2-1. 

2.1.1  Spindler  and  Averett 

Spindler  (1959)  and  Averett  (1961)  utilized  a 1-ft2  substrate  sampler 
(Surber-type)  and  a 4-ft2  sampler  to  make  their  July  macroinvertebrate 
collections.  Both  authors  identified  organisms  collected  to  the  Order 
level . 
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Spindler's  data  were  reported  in  units  showing  the  number  of  pollu- 
tion-sensitive organisms  as  a percentage  of  the  total  number  of 
organisms  collected  at  that  station.  (Sensitive  organisms  are  defined 
as  belonging  to  the  Orders  Plecoptera , Tr ichoptera , Ephemeroptera , 
Odonata , and  Lepidoptera) . This  type  of  analysis  suffers  from  several 
substantial  drawbacks: 


« 


Pollution  sensitivity  cannot 
Family  classification  levels, 
at  only  the  species  level. 


be  generalized 
Such  statements 


at  the  Order  or 
can  safely  be  made 


• Pollution  in  Silver  Bow  Creek  and  the  Clark  Fork  River  consists 


of  two  types:  organic  and  trace  metals.  Organic  pollution  is 
contributed  by  municipalities  via  sewage  discharge.  The  metals 
pollution  is  a result  of  mining,  milling,  and  smelting  activity 
in  the  area.  These  two  types  of  pollution  can  have  very 
different  effects  on  macroinvertebrate  populations  (USEPA  1974): 


"When  moderate  concentrations  of  organic  pollution 
occur,  sensitive  organisms  decrease  in  numbers  and 
kinds  while  tolerant  organisms  can  increase  in  numbers 
(due  to  lack  of  competition  for  food,  space,  etc.)  . 
The  effect  is  that  total  numbers  may  increase  while  the 
number  of  taxa  decreases.  The  discharge  of  toxic 
materials  may  eliminate  all  aquatic  invertebrates. 
However,  in  most  instances  a reduction  in  both  numbers 
and  kinds  of  organisms,  with  no  corresponding  increase 
in  tolerant  kinds,  results." 


• Spindler  does  not  provide  any  information 
present  (i.e.,  a list  of  taxa  found)  other 
and  number  of  sensitive  organisms. 


regarding  the  taxa 
than  the  percentage 
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Averett  (1961)  reported  the  macroinvertebrate  data  as  number  of  organ- 
isms per  order. 

2.1.2  U.S.  Environmental  Protection  Agency 

Four  papers  published  by  the  USEPA  from  1972-1982  describe  the  results 
of  "grab  samples"  of  aquatic  macroinvertebrates  in  Silver  Bow  Creek 
and  the  Clark  Fork  River. 

The  first  of  these  (USEPA  1972)  reports  data  collected  during  summer/ 
fall  1970.  Aquatic  macroinvertebrates  were  collected  utilizing  two 
techniques.  Artificial  substrates  consisting  of  stone-filled  wire 
baskets  were  placed  in  the  stream  at  each  sampling  point.  These 
samplers  initially  were  installed  on  May  19  , 1970  and  organisms  were 
collected  on  June  29,  August  12,  and  September  16,  1970.  In  addition, 
four  1-it2  samples  were  collected  at  each  station  on  August  12  using  a 
Surber  sampler.  Aquatic  insects  collected  were  identified  to  Family 
level  and  enumerated.  Statistics  calculated  included  average  number 
of  taxa  per  square  foot,  taxa  percent  occurrence,  and  diversity  index. 

The  percent  occurrence  of  taxa  was  calculated  by  dividing  the  total 
number  of  different  taxa  found  throughout  the  study  area  for  the  year 
sampled  into  the  total  number  of  different  taxa  collected  at  each 
station . 

The  diversity  index  is  a way  of  summarizing  data  on  total  numbers  and 
total  taxa  in  a single  number.  The  diversity  index  is  highly 
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influenced  by  sample  size.  Generally,  the  numbers  of  individuals  per 
taxa  and  total  taxa  are  better  indicators  than  the  diversity  index. 

Two  of  the  remaining  three  USEPA  studies  utilized  the  Surber  square- 
foot  sampler  to  make  April  (Fox  1972)  and  August  (USEPA  1974)  collec- 
tions. Organisms  collected  were  identified  to  Family  and  enumerated. 
Fox  (1972)  reported  number  of  organisms  per  square  foot.  USEPA  (1974) 
computed  equitabi li ty , diversity  and  number  of  organisms  per  square 
foot.  Equitability  is  another  measure  of  diversity  computed  by 
dividing  the  number  of  taxa  in  a sample  by  the  hypothetical  maximum 
number  of  taxa. 

2.1.3  Metz 

Metz  (1976)  conducted  a winter  study  of  macroinvertebrates  found  in 
Silver  Bow  Creek  for  a special  topics  biology  class  at  the  Montana 
College  of  Mineral  Science  and  Technology,  Butte.  Aquatic  insects 
were  collected  from  riffle  areas  in  January  using  a Surber  square- 
foot-sampler.  Organisms  collected  were  identified  to  the  Family  level 
and  enumerated.  The  diversity  index  was  reported. 

2.1.4  Janik  and  Melancon 

Janik  and  Melancon  (1982)  utilized  two  different  techniques  to  collect 
aquatic  macroinvertebrates  during  August  1980.  The  traveling  unit- 
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effort  kick  method  described  by  Kinney  et  a_l.  (1978)  was  used  at  four 
of  five  stations.  Portable  Invertebrate  Box  Samples  were  collected  at 
the  fifth  site,  where  large  boulder  substrate  made  kick  sampling 
ineffective.  Organisms  collected  were  identified  to  species  where 
possible  and  enumerated.  Total  number  of  individuals  and  taxa  were 
reported,  as  was  relative  species  abundance. 

2.1.5  Anaconda  Minerals  Company 

In  September  1972,  the  Anaconda  Minerals  Company  initiated  annual 
monitoring  of  aquatic  macroinvertebrate  populations  in  Silver  Bow 
Creek  and  the  Clark  Fork  River  that  continued  through  1984  (Dent  1976; 
Harner-White  Ecological  Consultants  1982;  Chadwick  and  Associates 
1983,  1984,  1985) . Dent's  stations  were  all  located  below  the  Warm 
Springs  Ponds.  Macroinvertebrate  population  samples  were  collected  in 
the  fall  (September)  each  year  utilizing  a Waters-Knapp  circular  1-ft2 
sampler.  Three  samples  were  collected  from  a riffle  area  at  each 
station.  Aquatic  insects  collected  were  identified  to  family  and 
enumerated.  Statistics  calculated  included  the  Shannon-Weaver  diver- 
sity index,  which  is  less  influenced  by  sample  size  than  the  earlier 
described  diversity  index. 

The  work  of  Harner-White  Ecological  Consultants  (1982)  and  Chadwick 
and  Associates  (1983,  1984,  1985)  was  a modified  continuation  of 
Dent's  work.  Several  Clark  Fork  River  stations  were  discontinued  and 
five  stations  on  Silver  Bow  Creek  were  added.  The  sampling  methodol- 
ogy and  dates  remained  the  same.  Where  possible,  macroinvertebrate 
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identifications  were  taken  to  genus  and  species.  The  authors  reported 


numbers  per  m2  , number  of  taxa,  Shannon-Weaver  diversity  index,  and 
mean  biomass  (grams  per  m2  - wet  weight) . 

2.2  DATA  COMPARISON  CRITERIA 

Those  studies  which  utilized  the  same  sampling  stations,  method- 
ologies, and  time  of  year  includes  the  work  of  Dent  ( 1976)  , Chadwick 
and  Associates  (1983,  1984,  1985),  and  Harner-White  Ecological 
Consultants  (1982).  These  studies  contain  continuous  data  from  the 
1972-1984  field  seasons  and  are  compared  directly  in  Section  3.0  of 
this  report.  Other  studies  such  as  Metz  (1976)  , USEPA  ( 1974)  , and 
Janik  and  Melancon  (1982)  can  be  used  to  corroborate  this  work,  but 
cannot  be  compared  directly  due  to  differences  in  sampling  stations, 
methodologies,  and  sampling  dates. 

Most  of  the  studies  compared  in  Section  3.0  of  this  report  present 
taxa  identified,  numbers  per  taxa,  diversity  indices,  biomass,  and 
density  measurements  for  each  station  for  each  sampling  period. 

The  number  of  taxa  present  indicates  the  quality  of  the  environment: 
a population  with  a large  number  of  taxa  present  is  in  a healthier 
environment  than  one  dominated  by  just  a few  species  (USEPA  1974)  . 
The  diversity  formulas  derive  from  this  basic  concept,  and  they  are 
designed  to  show  the  relationship  between  number  of  taxa  and  number  of 
individuals  in  a sample. 
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Type  of  taxa  also  is  important  because  of  the  bioindicator  concept: 
certain  taxa  can  live  in  defined  environments  and  not  in  others.  If 
insects  which  tolerate  metals  are  found,  but  no  insects  which  are 
sensitive  to  metals,  the  conclusion  can  be  drawn  that  a given  environ- 
ment contains  concentrations  of  metals. 

Taxa  identified  and  number  of  taxa  are  non-numer ical  measurements  that 
require  only  similar  sampling  methods,  dates,  and  stations  for  compar- 
ative purposes.  Diversity  indices  require  a measurement  of  numbers  of 
individuals  per  unit  area  (density),  and,  as  explained  below,  density 
measurement  requires  that  statistical  criteria  be  met. 

Density  is  the  number  of  insects  per  unit  area,  and  biomass  is  the 
weight  of  the  sample  (the  greater  the  number  of  insects  per  sample, 
the  heavier  the  sample)  . These  numbers  can  be  misleading  as  to  the 
health  of  an  aquatic  envrionment,  if  viewed  alone.  Many  forms  of 
environmental  stress  can  reduce  diversity,  but  increase  biomass  (USEPA 
1974) . In  evaluating  the  quality  of  a stream  environment,  biomass  and 
density  must  be  evaluated  with  number  of  taxa. 

For  derived  measurements  (diversity,  biomass,  and  density)  the  statis- 
tical validity  of  the  samples  is  important  to  achieve  a known  degree 
of  confidence  in  the  computations.  Determining  the  statistical 
validity  of  sampling  efforts  and  derived  measurements  requires  consid- 
eration of  several  elements  (Elliott  1971): 
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• Dimensions  of  sampling.  The  largest  number  of  samples  should  be 
collected,  using  the  smallest  possible  sampling  unit,  within 
practical  (manpower)  limitations. 

• Location  of  sampling  units.  The  location  is  an  area  usually 
selected  in  a stratified,  random  manner.  The  sampling  area  is 
divided  into  several  strata  (pool,  riffle,  glide)  and  sampling 
units  are  collected  randomly  within  each  strata. 

• Large  number  of  sampling  units.  The  larger  the  number  of  sam- 
pling units  collected  per  sample,  the  greater  the  statistical 
validity.  While  large  samples  (N  greater  than  50)  are  prefer- 
able, the  size  of  small  samples  can  be  calculated  for  a specified 
degree  of  precision. 

All  the  compared  studies  used  the  common  practice  of  a circular 
square-foot  sampling  unit  for  their  sampling  dimension.  They  all  also 
collected  samples  from  riffle  areas.  However,  no  calculations  were 
made  for  precision  with  the  small  samples  taken;  in  addition,  the  mean 
number  and  standard  deviation  of  insects  per  sampling  unit  and  biomass 
were  not  reported.  The  statistical  significance  of  the  diversity, 
biomass,  and  density  estimates,  therefore,  could  not  be  determined 
with  a known  degree  of  confidence  between  years  or  stations. 

Due  to  the  limitations  of  the  diversity,  biomass,  and  density  measure- 
ments, these  data  were  not  compared  quantitatively  in  this  report. 
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However,  the  objective  of  describing  the  biological  condition  of 
Silver  Bow  Creek  could  still  be  met  by  comparing  number  and  type  of 
taxa  and  looking  at  trends  in  the  derived  values  (diversity,  density, 
and  biomass) . 
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3.0  DATA  INTERPRETATION  AND  ANALYSIS 


The  data  collected  in  the  reviewed  studies  are  generalized  and 
interpreted  here.  Attachment  I presents  of  complete  data  summaries 
for  reports  reviewed. 

Several  concepts  in  field  ecology  (Eberhardt  1976  and  Hornig  1984) 
apply  to  the  SBC  RI . In  the  absence  of  man-induced  disturbance  or 
natural  phenomena  that  substantially  alter  stream  characteristics, 
changes  in  macroinvertebrate  community  composition  in  a downstream 
direction  are  generally  gradual.  Abrupt  changes  in  the  biota  between 
adjacent  upstream  and  downstream  sites  may  be  an  indication  that 
significant  water  quality  changes  have  occurred.  Although  annual  var- 
iations in  biota  may  be  substantial,  these  changes  generally  should  be 
consistent  between  adjacent  sites.  Thus,  between-site  faunal  compari- 
sons offer  good  reliability  for  detecting  impacts  originating  in  a 
stream  reach  bracketed  by  adjacent  upstream  and  downstream  sites. 

Hynes  (1972)  points  out  that  large  variations  in  species  composition 
can  occur  for  no  apparent  reason.  During  a nine-year  study  of  a trout 
stream,  three  stations  were  sampled  each  spring  using  the  same  collec- 
tion techniques.  No  obvious  change  appeared  in  the  river  over  time, 
and  yet  large  changes  occurred  in  percent  composition  of  the  insect 
community.  All  three  stations  reflected  these  changes. 

Patrick  (in  Eberhart  1976)  indicates  that  the  results  of  several 
hundred  studies  of  stream  areas  have  shown  that  often  a single  species 
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may  not  be  of  much  value  in  indicating  ecological  conditions,  whereas 
associations  of  species  may  be  very  valuable  in  indicating  ecological 
conditions.  However,  a community  totally  dominated  by  one  or  two 
species  implies  a different  set  of  ecological  conditions  (Oswood 
1979)  . 

3.1  SILVER  BOW  CREEK  STATIONS 

Prior  to  1981,  collections  from  stations  A (in  Butte)  , B (below  Butte 
Sewage  Treatment  Plant) , and  C (Miles  Crossing,  downstream  of  Ramsay) 
revealed  essentially  no  aquatic  life.  Spindler  (1959)  and  Fox  (1972) 
reported  no  insects  in  their  collections.  Metz  (1976)  found  a total 
of  four  individuals,  representing  two  dipteran  families  at  station  C. 

In  1981  several  taxa  appeared  at  each  of  these  three  stations.  Since 
then  the  number  of  taxa  and  individuals  have  fluctuated  (Figure  3-1) . 
The  aquatic  insect  communities  at  these  stations  are  dominated  by  the 
Family  Diptera;  a few  representatives  of  the  Families  Trichoptera, 
Plecoptera,  and  Ephemeroptera  are  present  as  well  (Attachment  I). 

These  three  stations  have  low  values  for  density  (Figure  3-1)  and 
biomass  (Figure  3-2)  when  compared  to  downstream  stations.  The  values 
for  Shannon-Weaver  diversity  index  (Table  3-1)  are  comparable  to  many 
of  the  Clark  Fork  River  stations.  Wilhm  (1970)  reported  that  clean 
waters  have  Shannon-Weaver  diversity  index  values  for  aquatic  insects 
ranging  from  2.6  to  over  4.0,  with  most  falling  in  the  range  of  3.0  - 
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FIGURE  3-1 
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CHANGES  IN  AQUATIC  MACROINVERTEBRATE  COMMUNITY  STRUCTURE,  1981-1984 
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FIGURE  3-2 


MEAN  BIOMASS  OF  AQUATIC  MACROINVERTEBRATES  BY  STATION,  1980-1984 
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4.0.  Polluted  waters,  on  the  other  hand,  have  diversity  values  less 
than  2.0  and  frequently  less  than  1.0. 


Aquatic  insects  have  been  found  at  stations  D (upstream  of  Gregson  Hot 
Springs)  and  E (east  of  Opportunity)  since  the  1975  collections 
(Figure  3-3)  . Dent  (1976)  did  not  find  any  invertebrates  in  Silver 
Bow  Creek  from  1972-1974.  The  community  structure  at  stations  D and  E 
is  similar  to  the  upstream  stations  with  the  principal  difference 
being  in  the  number  of  filter-feeding  caddis  flies  at  these  two 
stations.  As  with  stations  A (in  Butte) , B (below  Butte  Sewage 
Treatment  Plant) , and  C (Miles  Crossing) , the  number  of  taxa  present 
and  density  fluctuate  on  a yearly  basis.  This  fluctuation  indicates 
the  invertebrate  community  remains  in  a state  of  change,  although 
densities  and  number  of  taxa  have  shown  gradual  increases  since  1975. 


Biomass  is  higher  and  diversity  lower  at  these  stations  than  at  the 
upstream  stations,  probably  because  of  the  large  numbers  of  chironomid 
and  hvdropsychid  larvae  present  (which  contribute  to  the  biomass) . 
Their  dominance,  in  terms  of  numbers,  of  the  community  structure 
causes  the  lower  diversity  values.  Their  presence  indicates  a source 
of  organic  enrichment  upstream. 


Historic  water  quality  data,  including  trace  metals,  from  a station 
near  Opportunity  was  provided  by  MultiTech  (unpublished)  (data  pre- 
sented graphically  in  Attachment  II)  . The  period  of  record  for  this 
station  is  August  1 9 75-November  1979  and  December  1984-May  1985.  The 
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FIGURE  3-3 


CHANGES  IN  AQUATIC  MACROINVERTEBRATE  COMMUNITY  STRUCTURE,  1975-1984 


D (near  Gregson  Hot  Springs) 
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range  of  values  for  total  copper,  zinc,  and  iron  for  these  two  time 
periods  are  shown  in  Table  3-2. 


TABLE  3-2 

HISTORIC  RANGE  OF  VALUES  OF  SELECTED  TRACE  METALS  AT  OPPORTUNITY 

Parameter 1975-1979 1984-1935 

Total  copper  1.4-0.15  mg/L  0.18-0.12  mg/L 

Total  zinc  2.85-0.5  mg/L  0.6-0. 3 mg/L 

Total  iron  7. 5-0. 4 mg/L  1.5-0. 4 mg/L 


This  table  shows  that  the  values  for  total  copper,  zinc,  and  iron 
decreased  significantly  between  1979  and  1984.  The  graphs  in 
Attachment  II  show  gradually  decreasing  values  for  heavy  metals  from 
1975-1979 . 

Prior  to  1969  wastewater  originating  in  Butte  was  not  treated.  The 
Weed  Concentrator  began  operations  and  discharged  untreated  wastewater 
to  Silver  Bow  Creek  beginning  in  1963.  The  Butte  Sewage  Treatment 
Plant  ( STP ) , a primary  treatment  facility,  was  not  constructed  until 
1969;  it  also  discharged  directly  to  Silver  Bow  Creek. 

In  1970  the  Butte  STP  installed  secondary  treatment  but  continued  to 
discharge  sludge  to  Silver  Bow  Creek.  The  Weed  Concentrator  was 
upgraded  with  primary  treatment  in  1972;  however,  the  treatment 
provided  was  not  consistent.  In  1975  a secondary  treatment  system  was 
added  to  the  Concentrator,  and  the  Butte  STP  quit  discharging  sludge 
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to  the  creek.  In  1983  the  Butte  operations  closed,  and  consequently 
the  discharges  from  the  Weed  Concentrator  ceased  (see  Figure  1-1). 

The  aquatic  insect  community  in  Silver  Bow  Creek  has  responded  direct- 
ly to  the  discharges  from  Butte  and  most  likely  from  the  Weed 
Concentrator  in  particular.  No  aquatic  insects  were  found  at  Silver 
Bow  Creek  stations  A (in  Butte)  , B (below  Butte  STP)  and  C (Miles 
Crossing)  prior  to  1981,  and  few  were  noted  at  stations  D (upstream  of 
Gregson  Hot  Springs)  and  E (east  of  Opportunity)  . With  the  addition 
of  secondary  treatment  to  the  Weed  Concentrator  in  1972,  the  levels  of 
trace  metals  began  to  decline.  Improvements  in  water  quality  contin- 
ued through  1979  as  consistency  in  the  operation  of  the  treatment 
improved.  The  aquatic  insects  in  Silver  Bow  Creek  responded  by  moving 
into  the  lower  reaches  of  Silver  Bow  Creek  by  1975,  and  subsequently 
invading  the  upstream  stations.  As  the  insects  moved  upstream, 
Tr ichopterans  became  more  prominent  at  the  lower  stations  (D  and  E)  , 
indicating  further  recovery  at  these  stations. 

3.2  MILL-WILLOW  BYPASS 

Station  F (Mill-Willow  Bypass)  is  considered  separately  from  the 
Silver  Bow  Creek  stations  (A-E)  and  the  Clark  Fork  River  stations 
(G-K)  because  the  Mill-Willow  Bypass  is  tributary  to  the  Silver  Bow 
Creek/Clark  Fork  River  system.  This  station  was  incorporated  into  the 
studies  undertaken  by  the  Anaconda  Minerals  Company  (AMC)  to  serve  as 
a control  station. 
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This  station  had  the  greatest  number  of  taxa  (40)  and  the  highest 
diversity  (4.11)  values  of  any  of  the  stations  sampled.  Both  the 
mayflies  and  caddisflies  exhibited  the  greatest  diversity  found  in  the 
study  area  at  this  station.  As  with  several  other  stations,  the 
numbers  of  taxa  and  density  showed  an  apparently  random  fluctuation 
from  year  to  year  (Figure  3-4). 

Trace  metal  data  from  water  samples  are  available  for  this  station  for 
the  time  periods  March  1975-July  1980  and  December  1983-May  1985  (data 
are  presented  graphically  in  Attachment  II)  . Table  3-3  presents  the 
range  of  values  for  total  copper,  zinc,  and  lead  for  these  time 
periods . 


TABLE  3-3 

HISTORIC  RANGE  IN  VALUES  FOR  TRACE  METALS  AT  MILL-WILLOW  BYPASS 

Parameter 1975-1980 1983-1985 

Total  copper  .280-. 025  mg/L  .05-. 020  mg/L 

Total  zinc  . 50-.  040  mg/L  . 09-.  03  mg/L 

Total  iron  2 . 30- . 10/mg/L  .55-. 40  mg/L 


These  data  indicate  that  while  the  absolute  numbers  for  the  concentra- 
tions of  zinc  and  copper  are  much  lower  in  Mill-Willow  than  in  Silver 
Bow  Creek,  the  trend  of  decreasing  concentrations  from  1975-1980  is 
the  same.  The  same  is  true  of  the  difference  in  the  range  of  values 
between  1975-1980  and  1983-1985.  During  high  flows,  which  is  when 
trace  metals  concentrations  peak,  flow  from  Silver  Bow  Creek  often 
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exceeds  the  capacity  of  the  ponds.  During  this  time  Silver  Bow  Creek 
flows  are  diverted  into  the  Mill-Willow  Bypass.  The  dilution  provided 
by  Mill-Willow  accounts  for  the  lower  concentrations  of  zinc  and 
copper  compared  to  Silver  Bow  Creek.  The  lower  concentrations  of 
trace  metals  are  reflected  in  the  diverse  and  stable  aquatic  insect 
community  found  at  this  station. 

3.3  CLARK  FORK  RIVER  STATIONS 

These  stations  start  with  G,  which  is  located  in  the  discharge  canal 
from  Warm  Springs  Pond  2,  and  continue  in  a downstream  direction  to 
station  K,  just  upstream  of  Phosphate. 

Stations  G and  H (diversion  canal  downstream  of  Pond  2 discharge)  have 
the  highest  densities  and  biomass,  and  lowest  diversity  of  the  Clark 
Fork  stations.  These  stations  are  dominated  by  f ilter-feeding  caddis 
flies  (Cheumatopsyche  and  Hydropsyche ) and  Dipterans  ( S imulium) . The 
proliferation  of  these  f ilter-feeding  insects  is  due  to  the  quantities 
of  algae  and  other  organic  matter  leaving  the  Warm  Springs  Ponds. 
Nutrient  loading  from  upstream  sewage  treatment  plants  has  made  these 
ponds  quite  productive  in  algae.  Oswood  (1979)  and  Ward  and  Stanford 
(1979)  have  documented  very  high  densities  of  filter-feeding  insects 
downstream  of  pond  and/or  lake  outlets. 

While  dominated  by  a few  species,  resulting  in  low  diversity  values 
(Table  3-1),  both  these  stations  have  shown  a gradual  increase  in  the 
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numbers  and  diversity  since  1972  (Figure  3-5) . Random  annual  fluctua- 
tions in  density  and  number  of  taxa  are  evident. 

Station  I (downstream  of  Mill-Willow  and  Warm  Springs  Creek  conflu- 
ence) is  the  first  station  located  on  the  mainstem  of  the  Clark  Fork 
River.  Since  1972  this  station  has  shown  gradually  increasing  numbers 
in  taxa,  diversity,  density,  and  biomass  (Figures  3-2  and  3-6)  . 
Filter-feeding  insects  remain  an  important  part  of  the  community 
structure  as  at  the  upstream  stations.  However,  the  community  is  much 
more  diverse,  with  more  taxa  and  a better  numerical  balance  between 
taxa,  than  at  the  upstream  sites. 

Station  J (in  Deer  .Lodge)  is  similar  in  many  ways  to  station  I.  It 
too  has  shown  increasing  density,  biomass,  and  diversity  with  time 
(Figures  3-2  and  3-6)  . The  f ilter- feeding  caddis  flies  are  important 
at  this  station,  indicating  that  suspended  organic  matter  is  still 
present  as  a food  source.  Hydroptilid  caddis  are  increasingly 
important  at  this  station;  they  feed  on  filamentous  algae  which  can  be 
abundant  at  this  station  as  well  as  station  K (upstream  of  Phosphate) . 

Canton  and  Chadwick  (1985)  state  that  densities  at  station  J are 
higher  than  at  the  rest  of  the  Clark  Fork  stations,  with  the  exception 
of  station  G (Warm  Springs  Pond  2 discharge) . They  suggest  that  a 
nutrient  input  source  may  exist  upstream  of  station  J.  Such  a nu- 
trient source  could  stimulate  algal  growth. 
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Station  K (upstream  of  Phosphate),  like  the  upstream  stations,  has 
shown  increasing  densities,  diversity,  biomass,  and  number  of  taxa 
over  time  (Figures  3-2  and  3-7) . The  filter-feeding  insects  remain  an 
important  part  of  the  community  structure,  although  far  downstream  of 
the  Warm  Springs  Ponds.  The  hydroptilid  caddis  are  as  important  at 
station  K as  they  are  at  station  J (in  Deer  Lodge)  . Densities  of 
macroinvertebrates  at  this  station  are  not  as  great  as  at  stations  G 
(Warm  Springs  Pond  2 discharge)  and  J.  They  are  more  similar  to 
stations  F (in  diversion  canal  above  Warm  Springs  Ponds)  and  I (down- 
stream of  Mill-Willow  and  Warm  Springs  Creek  confluence) . 

The  only  historic  water  quality  data  for  this  reach  of  river  that 
includes  trace  metal  analyses  is  from  the  Warm  Springs  Pond  2 dis- 
charge (Station  G)  . The  period  of  record  for  this  data  is  March 
1 9 7 5-December  1981  and  December  1984-May  1985  (data  are  presented 
graphically  in  Attachment  II)  . Table  3-4  presents  the  range  of  values 
for  total  copper,  zinc,  and  iron  for  the  period  of  record.  Unlike  the 
data  for  the  Opportunity  and  Mill-Willow  Bypass,  these  data  do  not 
show  a significant  downward  trend  in  the  values  for  total  copper, 
zinc,  and  iron  for  the  period  1975-1981. 


HISTORIC 

Parameter 

TABLE  3-4 

RANGE  OF  VALUES  FOR  TRACE  METALS 

1975-1981 

IN  POND  2 DISCHARGE 
1984-1985 

Total 

copper 

. 2 - . 02  mg/L 

.12-0.35  mg/L 

Total 

z inc 

. 72-.  03  mg/L 

.42-. 05  mg/L 

Total 

iron 

.98-. 07  mg/L 

1.4-.35  mg/L 
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FIGURE  3-7 
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The  values  for  the  concentrations  of  these  trace  metals  more  closely 
resemble  those  for  Mill-Willow  Bypass  than  for  Silver  Bow  Creek.  This 
may  be  a result  of  liming  Silver  Bow  Creek  water  upstream  of  the 
ponds.  The  addition  of  the  lime  raises  the  pH  of  the  water  and  causes 
precipitation  of  trace  metals  in  the  ponds. 

Although  historic  water  quality  data  for  downstream  stations  was  not 
available  to  the  reviewer,  data  collected  by  Phillips  (1985)  and 
Stiller  and  Associates  (personal  communication)  in  1984  and  1985 
indicates  that  concentrations  of  trace  metals  increase  in  a downstream 
direction  from  the  ponds.  Phillips  (1985)  states  that  iron,  zinc,  and 
copper  concentrations  in  the  Clark  Fork  exceed  chronic  toxicity 
criteria  for  protection  of  aquatic  life.  He  hypothesizes  that  spring 
high  flows  erode  copper  salts  from  the  streambanks,  resulting  in 
higher  concentrations  of  this  metal  as  one  moves  downstream  from  the 
ponds.  He  points  out  that  fish  population  estimates  for  the  Clark 
Fork  River  indicate  highest  densities  of  catchable  brown  trout  right 
below  the  Warm  Springs  ponds.  Numbers  of  fish  decline  rapidly  in  a 
downstream  direction,  from  1,000  fish  per  mile  near  the  ponds  to  400 
fish  per  mile  at  Deer  Lodge,  and  only  50  fish  per  mile  near  Bearmouth. 

The  aquatic  insect  data  for  the  Clark  Fork  River  stations  (I-K) 
indicate  that  these  stations  have  responded  to  improved  water  quality 
in  the  river  system  since  1972.  However,  as  described  by  Phillips 
(1985)  for  fish,  increasing  levels  of  trace  metals  downstream  of  the 
ponds  has  possibly  hindered  the  complete  recovery  of  the  aquatic 
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insect  communities  at  the  downstream  stations  (stations  G-K)  . 
phenomenon  may  account  for  diversity  values  at  these  stations 
erally  below  3. 


This 

gen- 
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4.0  CONCLUSIONS 


The  aquatic  insect  and  water  quality  data  reviewed  clearly  show  that 
Silver  Bow  Creek,  once  devoid  of  insect  life,  is  beginning  to  recover 
in  response  to  treatment  of  mill  wastes  (Figures  4-1,  4-2,  and  4-3)  . 
However,  the  insect  communities  in  this  stream  are  not  very  diverse 
(refer  to  Table  3-1)  or  stable  as  reflected  in  wide  annual  variations 
in  density  and  taxa.  This  indicates  that  significant  improvement 
needs  to  be  made  before  the  stream  is  comparable  to  other  streams  in 
the  area. 

The  Clark  Fork  River  is  further  in  the  recovery  process  than  Silver 
Bow  Creek  (Figures  4-1,  4-2,  and  4-3) . The  reactivation  of  liming  at 
Warm  Springs  Ponds  2 and  3 in  1963-1964  (refer  to  Figure  1-1)  gave  the 
Clark  Fork  an  eight  to  ten  year  headstart  on  the  recovery  process  in 
Silver  Bow  Creek.  Like  Silver  Bow  Creek,  the  Clark  Fork  has  continued 
to  respond  to  remediation  efforts  which  principally  include  wastewater 
treatment  of  the  Weed  Concentrator  discharge,  commencing  in  1972.  All 
stations  have  shown  gradually  increasing  densities  and  diversity  since 
1972  . 


Phillips  (1985)  suggested  that  increasing  concentrations  of  trace 
metals  downstream  of  the  Warm  Springs  ponds  is  responsible  for  de- 
creasing numbers  of  fish  per  mile.  This  phenomenon,  if  it  exists,  is 
possibly  retarding  greater  improvement  in  aquatic  insect  community 
composition.  The  diversity  values  for  various  stations  shown  in  Table 
3-1  indicate  that  all  of  the  stations  need  to  make  progress  to  meet 
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FIGURE  4-1 


NUMBER  OF  TAXA  PER  STATION  BY  YEAR  FROM  1975-1977 
(Based  upon  Family-level  identifications) 
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FIGURE  4-2 


NUMBER  OF  TAXA  PER  STATION  BY  YEAR  FROM  1978-1980 
(Based  upon  Fami ly- leve 1 identifications) 
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FIGURE  4-3 


NUMBER  OF  TAXA  PER  STATION  BY  YEAR  FROM  1981-1983 
(Based  upon  Family-level  identifications) 

25  T 
20 
13 

NUMBER  OF  TAXA 

1981  10 

5 
u 

ABCDEOH  I JK 

STATION 


4-4 


VJilhm's  (1970)  definition  of  clean  waters  (those  having  diversity 
values  in  the  3.0  to  4.0  range). 

The  historic  aquatic  insect  data  for  Silver  Bow  Creek/Clark  Fork  River 
is  a substantial  resource  for  monitoring  future  remediation  efforts. 
The  data  from  1980  through  1984,  which  includes  identifications  to 
species  is  particularly  valuable. 

Future  collections  of  aquatic  insects  should  be  made  using  the  faunal 
approach  described  by  Elliott  (1971)  . Faunal  surveys  are  not  quanti- 
tative studies,  but  rather  are  undertaken  to  discover  which  species 
are  present  and  to  estimate  relative  abundance  at  each  station.  An 
important  aspect  of  faunal  surveys  is  to  cover  a large  area  of  stream- 
bottom  to  assure  collection  of  rare  species:  rare  species  may  well  be 
the  most  important  in  monitoring  changes  in  water  quality.  The  faunal 
survey  approach  to  sampling  will  better  meet  the  needs  of  entities 
monitoring  the  progress  of  remediation  efforts  than  attempts  at 
intensive  quantitative  studies;  they  will  also  be  very  comparable  to 
the  work  that  has  been  done  since  1972;  and  finally,  they  will  be  more 
cost-effective  than  quantitative  studies. 

The  SBC  RI-Algae  Investigation  (MultiTech  and  OEA  Research  1986) 
indicates  that  algae  in  the  Warm  Spring  Ponds  may  be  bioconcentrating 
trace  metals.  Data  from  aquatic  insect  collections  indicate  that  high 
numbers  of  Cheumatopsyche  and  Hydropsyche  caddis  flies  reside  directly 
below  the  ponds  and  these  insects  are  probably  feeding  heavily  on 
these  algae.  This  area  also  contains  the  highest  density  of  trout  in 
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the  study  area,  probably  due  to  lower  concentrations  of  trace  metals 
than  found  downstream,  combined  with  an  abundant  food  source.  Tissue 
samples  from  these  insects  should  be  analyzed  for  trace  metals.  The 
insect  population  should  be  sampled  to  determine  if  physical  abnormal- 
ities are  common.  Finally,  consideration  should  be  given  to  harvest- 
ing the  Cheumatopsyche  population  on  a regular  basis  as  a method  of 
removing  metals  from  the  river  system. 
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TABLE  I - 1 


SAMPLING  STATION  DATA  FROM  SPINDLER  (1959) 
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SAMPLING  STATION  DATA  FROM  AVERETT  (1961) 
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TABLE  1-4 


SUMMARY  OF  POPULATION  STATISTICS,  1972-1975 

FROM  DENT  (1976) 


Map  2-1  Id.  Letters: 
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TABLE  1-5 


DATA  COLLECTED  DURING  SUMMER/FALL  OF  1970 
FROM  USEPA  (1972) 
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AVERAGE  NUMBER  PER  SQUARE  FOOT 
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TABLE  1-8 


SUMMARY  OF  1980-1984  POPULATION  DATA  FOR  THE  CLARK  FORK  RIVER 


FROM  HARNER-WHITE  (1980) 

AND  CHADWICK  AND  ASSOCIATES  (1983,  1984,  1985) 
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FIGURE  I 1-2 
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FIGURE  I I -3 
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FIGURE  I 1-4 
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FIGURE  I 1-5 


MONTHLY  READINGS  FROM  MARCH  1975  TO  DECEMBER  1981 
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